We were interested in screening a series of isolates of the protozoan Leishmania for the presence of viruses. The experimental procedure we used was based on an enzymatic assay originally developed for viral RNA-dependent RNA polymerases. Simultaneously, total promastigote nucleic acid preparations were analyzed for the presence of viral genome and/or transcripts. Two isolates, both classified as L. braziiensis guyanensis, were found to be positive for RNA polymerase activity and to carry a large (6 kilobases) RNA species. The polymerase reaction products hybridized to the 6-kilobase RNA, believed to be the viral genome. In conjunction with electron microscopical observations these results indicate the presence of an RNA virus in these Leishmania isolates.
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The study of bacteriophages and viruses has provided important leads in our understanding of the control of gene expression, RNA processing, and translation. The successful use of viruses as molecular tools and models has been facilitated by their small genome size and small number of genes, as well as by the abundance of viral transcripts and proteins in infected cells. These characteristics motivated us to search for the presence of viruses in the protozoan parasite Leishmania.
There have been several reports on the molecular characterization of viruses in parasitic protozoa. Wang and Wang (1) reported the presence of a double-stranded RNA virus in Giardia lamblia. A double-stranded RNA virus has been associated with another parasitic protozoan, Trichomonas vaginalis (2) . This virus has a linear genome of approximately 5 kilobases (kb). Recently, Stuart and co-workers (3) reported observations consistent with a viral infection in a Leishmania isolate and named this putative virus LR1.
As classical virological techniques based on plaque assays for the detection of viruses are not applicable to protozoans, we have screened Leishmania isolates for RNA polymerase activity that could indicate viral replication. The use of enzymatic assays for viral enzymes has proven in the past to be the most sensitive method for the isolation of new viral systems, such as vaccinia virus with viral RNA polymerase (4) and retroviruses with RNA-dependent DNA polymerase (5, 6) . As replication of both negative-and positive-stranded RNA viruses depends on viral RNA polymerase, this enzymatic activity can point to the presence of such viruses, regardless of their genomic polarity.
We describe here a series of experiments aimed at detecting viral genome and RNA polymerase activity in a set of Leishmania isolates. Polymerase activity was found in two isolates and correlated with the presence of a 6-kb nucleic acid species. These observations suggest the existence of a virus in these isolates.
MATERIALS AND METHODS
Parasites. Leishmania isolates were grown in vitro as promastigotes in Schneider's medium supplemented with 10% (vol/vol) heat-inactivated fetal bovine serum, 4 mM glutamine, and 0.01% gentamycin sulfate (GIBCO). Isolate code M4147 is abbreviated from the official World Health Organization code MHOM/BR/75/M4147 (7) . WR677 was derived from M4147, a human isolate. The taxonomic classification of all isolates is indicated in Table 1 .
Polymerase Assay. RNA polymerase activity in promastigote cell extracts was assayed under conditions found to be optimal for vesicular stomatitis virus by Banejee (8 7 .5/25 mM EDTA, 300 mM NaCl/2% sodium dodecyl sulfate (SDS), the samples were treated for 20 min with proteinase K (75 ,pg/ml) and were extracted with phenol, and nucleic acids were recovered by precipitation with ethanol.
Purification of Virus-Like Particles. Promastigotes were disrupted by sonication, and the lysate was cleared by centrifugation for 30 sec in a cooled microcentrifuge. TNE buffer was added to the lysate to a final concentration of0.5 x TNE (5 mM Tris HCI, pH 7.5/50 mM NaCl/0.5 mM EDTA), and CsCl was added to 33% (wt/wt). This was centrifuged for 16 hr at 50,000 X g in a Beckman SW 41 rotor. Fractions showing high absorbance at 260 nm were recovered near the bottom of the tube, dialyzed against 0.5x TNE, and processed for electron microscopy as described below.
Electron Microscopy. Negative staining was done by a miniaturization of the method of Valentine and Green (9) . The specimens were stained with 1% uranyl formate. Micrographs were taken at a magnification of 50,000 on a JEOL 100B microscope operated at 80 kV with 100-,um condensor and objective apertures.
Isolation of Total Nucleic Acid. Promastigotes in mid-to-late exponential phase were washed in phosphate-buffered saline or 0.9o saline, lysed by incubating for 2 hr at 37°C or overnight at room temperature in lysis buffer (1% SDS/80 mM NaCl/45 mM EDTA/75 ,ug of proteinase K per ml), and extracted with 1:1 (vol/vol) phenol/chloroform; the nucleic acid was recovered by precipitation with ethanol. §Present address: Newborn Screening, Massachusetts State Laboratories Institute, 305 South Street, Jamaica Plain, MA 02130.
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Blot-hybridization analysis of total RNA of the isolates M4147, WR677, and PH8 (L. mexicana amazonensis) was performed to establish the relationship between the putative viral genome and the polymerase products (Fig. 3) . Polymerase products obtained from WR677 and M4147 were used as probes and were found each to anneal only to the 6-kb band of WR677 and M4147 (Fig. 3B) no hybridization (not shown), confirming that the polymerase products were not transcribed from parasite DNA. These data establish unequivocally the link between our primary observations of a unique polymerase activity and a 6-kb RNA and identify WR677 and M4147 as virus-infected isolates.
Furthermore, the presence of a Leishmania virus is supported by electron-microscopic examination of CsCl density fractions (>1.3 g/ml). Virus-like particles of -30-nm diameter as shown in Fig. 4 were observed on negatively stained preparations of isolate WR677 but were not present in samples derived from the control isolate RAI-5 clone 2. The capsids appeared to be penetrated by negative stain. This penetration could be due to an inherently open capsid structure or to loss of the genome during isolation or preparation for microscopy.
The nature of the 6-kb band, the putative viral genome, was investigated as outlined in Materials and Methods. The nucleic acid was found to be DNase resistant and RNase sensitive in the presence or absence of salt and was degraded at high pH (Fig.  5 ). Taken together, these results indicate that the putative viral genome is RNA, possibly single-stranded. Since we would not expect a single-stranded RNA to display the stability observed during extraction, we investigated the possibility of a doublestranded structure in this molecule by digesting it with mung bean nuclease under the conditions in which it is single-A B strand-specific. The 6-kb band was resistant to this nuclease, suggesting the presence of a double-stranded structure (Fig. 6) .
We also analyzed the 6-kb nucleic acid by 5'-and 3'-end labeling. The genomic RNA could readily be labeled with RNA ligase and 5' [32P]pCp, suggesting the presence of a 3' terminal hydroxyl group. The 5' end ofthe genomic RNA was analyzed in a similar way. With polynucleotide kinase, the 5' end was only labeled after phosphatase treatment, whereas untreated RNA was not a substrate for this enzyme, indicating the presence of a 5' phosphate group (not shown). blot-hybridization analysis confirms the similarity of the infecting viruses, which is to be expected since WR677 and M4147 were not isolated independently, but the former was derived from the latter.
The fact that the polymerase products hybridized to the 6-kb RNA but not to DNA implies that the enzymatic activity is RNA-dependent RNA polymerase. The reaction conditions were as those developed for vesicular stomatitis virus in vitro transcription. The use of cell lysate rather than purified virions as a source of viral polymerase and RNA template provides the least discriminating environment because of the presence of cellular components and, thus, optimizes the chances of detecting viral polymerase. It also takes into account the possible requirement for cellular transcripts as primers for viral transcriptases as observed with influenza (11) or bunyaviruses (12) . Therefore, our observations neither imply any similarity with vesicular stomatitis virus potymerase nor specify the polarity of the genome.
Results from DNase and RNase sensitivity experiments suggest that this virus has a single-stranded RNA genome. However, the insensitivity to mung bean nuclease is a contradiction to this conclusion. A stable secondary structure, such as described for viroid RNA (13) , or a genomic DNA component might be the cause of this apparent paradox. Viral nucleic acid purified from virions will have to be analyzed for nuclease resistance before further conclusions on the nature of the infectious genome can be drawn. Unequivocal determination of the polarity will have to be established either via sequence information or other classical approaches, such as in vitro translation. The importance of the viral genomic polarity lies in the fact that no minus or double-stranded viruses have yet been developed into vectors. Regardless of the potential application of this virus as a vector in kinetoplastids where no gene-transfer systems exist, the viral system that we are defining represents an unusual experimental system to address questions related to the unique pathways of gene expression discovered in Leishmania and related kinetoplastids.
